Here, k i is the binding constant for binding reaction i. To limit the number of free parameters, the Hill coefficient n was assumed to be equal for all reactions.
To non-dimensionalize these equations, we will need to make the following substitutions: 
Now define the characteristic mRNA concentrations and dimensionless decay constants as:
Now we can define characteristic protein concentrations: 
The tildes are now superfluous, as all quantities are dimensionless. We have reduced the number of explicit parameters from 31 to 21. The remaining 10 parameters account for (arbitrary) rescaling of model variables to produce output with units of concentration.
Estimating mRNA-protein phase lags
Due to the lack of accurate quantitative data on protein oscillation phases, mRNA-protein phase lags were estimated based on estimates of the protein amplitude.
It should be noted that this is a model of the SCN clock and protein measurements have generally been restricted to peripheral tissues such as the liver, so even estimates of protein oscillation amplitude should be made cautiously. Beginning with the equation
We can take the Laplace transform: The protein case described below is somewhat more complicated.
The solution for the protein term begins with the differential equation:
which we will again solve using a Laplace transform.
Rather than inserting the complete solution for M(s), we will omit the initial transient:
This will give us the correct long-term behavior for p: 
As described in Equations 4 and 5 of the main text.
Curve fitting for experimental PRCs
In Figure 5 , the experimental PRCs for NPY and NMDA were fit to the following function:
Here, r and θ are the magnitude and direction of perturbation in Glass and Winfree's circular limit cycle model of phase resetting (2), and g(φ) is a periodic gating function that controls the circadian times at which the system is sensitive to external perturbation.
The parameter β controls the "squareness" of the gating function and φ c is the phase at the center of the sensitive region (for β > 0). The sensitive and insensitive phases have equal length if γ = 0, while the sensitive phase is longer for γ > 0. For a set of experimentally-observed (φ, Δφ) pairs, optimal values of r, θ, β, φ c , and γ were found by nonlinear Levenberg-Marquardt fitting.
Exploration of parameter space
The maximum-entropy ensembles described in the "Generation of model ensembles" section of the main text were generated using the following algorithm: For each sampling temperature kT used, the move scale s was chosen to give an acceptance rate of ~50%; higher sampling temperatures will require a larger move scale to reach this level. The role of kT is essentially to control the algorithm's willingness to go uphill -if kT is very small, then exp((score-new_score)/kT) will tend to be close to zero when new_score > score and uphill moves will rarely be accepted. If kT is large, then exp((score-new_score)/kT) will often be close to 1 and the algorithm will cheerfully climb hills. Table S1 : Experimentally-derived parameter distributions used for the initial parameter search, as well as the construction of Figure S2 from Equations S21 and S22. In the initial search, the non-dimensional model parameters were derived from these using Equations S4 and S7, with a characteristic time scale t c = 1. All parameters except the initial distribution of n follow a lognormal distribution with a PDF of 1 of the main text. The PDFs listed here were calculated from the parameters of the successful oscillators in the initial parameter search. The major difference from the experimentally-derived parameters in Table S1 is that protein and mRNA decay rates are faster, as would be expected for oscillating transcription factors and their transcripts; see Figure S1 . The optimized values listed are for the parameter search with probability and knockout constraints ("P" in Figure 4 ). Figure S1: Histograms of parameter values in the ensembles obtained using four different scoring approaches. Naming of the ensembles is as in Figure 3 of the main text. The shaded "search dist" region shows the experimentally-derived parameter distributions used in the original random search (Table S1 ). Because these distributions were obtained for a broad-based selection of genes and are not specific to oscillating transcription factors, the degradation rates observed in the oscillating sub-population are typically faster than the original distribution. To account for this difference, new probability distributions ("score dist") were inferred from this oscillating sub-population and used for subsequent parameter scoring (Table S2 ). 
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